The genus Achillea (Asteraceae) comprises about 130-140 yarrow species and is widely distributed throughout SE Europe and SW Asia with extensions through Eurasia to North America [1] . Numerous species belonging to this genus are well known for their antiinflammatory, antispasmodic, stomachic and choleretic properties and are widely used for treating a number of disorders, including asthma, fever, gastrointestinal complaints and for wound healing [2] . In Serbia, many different Achillea taxa are traditionally and nonselectively used for the same medicinal purposes by the local people, especially in rural communities. Furthermore, many of the different Achillea species are known by the same common name: "hajdučka trava [hajduk's (highwayman) weed]" [2a] .
From a local market in the city of Niš, SE Serbia, we have obtained a dried sample of yarrow (whole aerial parts including inflorescence) for which it has been claimed by the seller that it is efficient in the treatment of a number of disorders, in particular for wound healing and as an anthelmintic agent. However, a detailed botanical evaluation showed that the plant material (two samples, mass of ca. 50 g each) actually represented a mixture of two species: A. grandifolia Friv. (endemic to the Balkan Peninsula) and Tanacetum macrophyllum (Waldst. & Kit.) Sch. Bip. Although from different genera of the Asteraceae family, these two species show a significant degree of morphological resemblance (for example, leaf shape and inflorescence type), such that they could easily be mistaken for one another by herb collectors or even, at first glance, by botanists. Both species are attributed with alternate, . This is especially true in the case of "aromatic" species, which are rich in essential oils and produce considerable amounts of volatile metabolites upon steam-distillation. The essential oil composition of a range of species belonging to the genera Achillea and Tanacetum have been described [5] , however, there are few studies concerning the volatile metabolites of the highly fragrant A. grandifolia and T. macrophyllum [6] .
Some species belonging to the genus Tanacetum are used for ethnopharmacological purposes, however, cases of poisoning caused by these taxa are also well documented [2a] . Furthermore, it has been confirmed that some of the volatile metabolites of certain Tanacetum species are highly toxic, for example thujone, which is a constituent of the essential oil of T. vulgare [2a,7] .
With all of the above points in mind, the aims of this work were as follows: a) to provide detailed GC and GC/MS analyses of the essential oils hydrodistilled from both A. grandifolia and T. macrophyllum, as well as from two yarrow samples (mixtures of A. grandifolia and T. macrophyllum) obtained from a local market; b) to evaluate the possible pharmacological action of both species based on their volatile metabolite profiles and the literature data concerning the known activities of the major constituents of their oils; and c) to estimate the potential health risk connected with the misidentification of T. macrophyllum as A. grandifolia.
GC and GC-MS analyses of the essential oils hydrodistilled from the dry aerial parts of A. grandifolia and T. macrophyllum, and those extracted from their mixtures (two plant samples A and B obtained from a local market in the city of Niš, SE Serbia) resulted in the identification of 215 constituents accounting for 90.1-95.8% of the total oils (Table 2 ). In all four of the analyzed oils, terpenoids, in particular mono-and sesquiterpenoids, were the major compound class accounting for 81.1 to 90.1% of the total oil. In addition, oxygenated derivatives predominated over hydrocarbon derivatives in both the mono-and sesquiterpenoid fractions of all analyzed oils ( Table 2 ). The major constituents of the A. grandifolia oil were ascaridole (15.5%), α-thujone (7.5%), camphor (15.6%), borneol (5.2%) and (Z)-jasmone (6.4%). p-Menthanes (25.4%), bornanes (22.0%) and thujanes (10.8%) were the most dominant carbon skeleton-types within the monoterpenoid fraction, while among the sesquiterpenoids, bisabolane (5.5%), caryophyllane (3.6%) and farnesane-type compounds(3.2%) were predominant. The constituents with the highest relative percentages in the T. macrophyllum oil were as follows: 1,8-cineole (8.6%), camphor (6.4%), borneol (9.1%), isobornyl acetate (9.5%), copaborneol (4.2%) and γ-eudesmol (6.2%), while bornanes (29.6%), p-menthanes (12.0%), pinanes (5.2%), eudesmanes (6.2%) and copaanes (11.3%) were predominant in the terpenoid fraction of this oil. The volatile metabolites of A. grandifolia have been reported previously [6a] , whereupon it was found that the main constituents were camphor, α-and β-thujone and 1,8-cineole. As described above, some of these metabolites were also among the major contributors of the yarrow oil analyzed in the present study. The essential oil composition of T. macrophyllum has been described as comprising β-eudesmol, cis-chrysanthenol, copaborneol and camphor as major constituents [6b], similar to that found in our study, while the major volatile compounds of T. macrophyllum were p-methylbenzylalcohol, γ-cadinene and δ-cadinene [6c].
As shown in Table 2 , the chemical compositions of the essential oils of A. grandifolia and T. macrophyllum are significantly different. For example, the major constituents of the oil from A. grandifolia (ascaridole, α-thujone and (Z)-jasmone) were not detected at all in T. macrophyllum oil. Similarly, while copaborneol, γ-eudesmol, 1,8-cineole and isobornyl acetate were all major constituents of the tansy oil, the first two were absent from the yarrow oil and the second two were present in only minor quantities. Further noteworthy differences were also observed at the compound class level. For example, the sesquiterpenoid fraction of T. macrophyllum oil was comprised almost entirely of representatives from the copaane, copabornane, eudesmane, aromadendrane and cadinane skeleton class, whereas copaanes and copabornanes were not present in A. grandifolia oil, which also contained only negligible amounts of the other three compound classes. Contrary to that, the sum of percentages of bisabolanetype sesquiterpenoids (one of the dominant classes in the corresponding fraction of A. grandifolia oil) of the tansy oil was only 0.2%. The most striking difference between the two oils can be seen by comparing the monoterpenoid fractions, where thujaneand p-menthane type compounds formed 10.9% and 25.4%, respectively of the A. grandifolia oil, but only 2.9% and 12.0%, respectively of the T. macropyllum oil. As for the oils extracted from the market samples A and B, their compositions are, as one would expect, intermediate between those of the oils obtained from pure samples of A. grandifolia and T. macrophyllum. This is readily observed by comparing the relative percentages of individual oil constituents, as well as the percentages of the compound classes discussed above. Good examples are copaborneol and γ-eudesmol, which are absent from A. grandifolia oil, but present in 4.9 and 6.2%, respectively in pure T. macrophyllum oil. These were detected in the oils from both market plant samples (1.5% and 2.1% in sample A and 3.0% and 5.2% in sample B, respectively). The percentage of (Z)-jasmone in both samples, especially in sample B (1.3%), was also notably lower than in A. grandifolia oil (6.4%). Based on the volatile profiles of pure A. grandifola and T. macrophyllum, along with those of samples A and B, it appears that sample A consists mainly of A. grandifolia, while the dominant plant species in sample B appears to be T. macrophyllum (Table 2 ). This is in agreement with the results of the botanical evaluation of the corresponding plant samples.
As mentioned previously, plant volatiles are often responsible for the pharmacological action of a number of taxa. Furthermore, it is reasonable to assume that the greatest impact on the pharmacological activity of the volatile fraction is due to its major contributors. In the present study, most of the major constituents of the oils analyzed were the subjects of previous biological activity studies. The reported activities of some of the major constituents of the analyzed oils are summarized in Table 3 , with the sum of the constituents accounting for 44.7-52.1% of the analyzed oils. The volatile profile of A. grandifolia listed in Table 2 provides general justification for the application of this herb in folk medicine. For example, the second major constituent of yarrow oil was the monoterpene-endoperoxide ascaridole, a well known anthelmintic agent [8f] . In addition, the wound-healing properties of A. grandifolia may be connected with the presence of camphor, α-thujone and borneol, well known antimicrobial agents that are active against a number of common human pathogens [8b,8d] . Some of the T. macrophyllum constituents, such as borneol, camphor, and 1,8-cineole, are also well known for their antimicrobial properties.
On the other hand, the absence of ascaridole from T. macrophyllum oil could result in a decrease in the anthelmintic activity of this herb relative to A. grandifolia. To the best of our knowledge, there are no reported data concerning the pharmacological action of γ-eudesmol, one of the major constituents of T. macrophyllum oil. For this reason, the potential pharmacological activity of T. macrophyllum volatiles could not be predicted with a satisfying degree of confidence. In addition to the lack of pharmacological data on γ-eudesmol, the known toxicity of some other Tanacetum species means that T. macrophyllum should be, until proven otherwise, considered as possessing an unknown effect on human health. Nevertheless, an advantage of T. macrophyllum is the absence of the controversial α-thujone from its oil. This constituent has been proven to be toxic and, for a long time, the use of thujone-containing plant species (for example, as flavorings in foodstuffs) was prohibited in Europe [9] . Although their use is now permitted, the levels of thujone isomers have to be carefully controlled and kept under specified limits [10] . In A. grandifolia oil, α-thujone, the more toxic of the two isomers, was one of the major constituents [9] . It must be stressed, however, that well-known toxic volatiles, such as pyretrines and α-thujone, which are found in some other Tanacetum species [2a,7] , were not detected in the T. macrophyllum population under study. Considering the compositional data on the essential oils obtained from A. grandifolia and T. macrophyllum and from samples A and B (mixtures of the two species), one could conclude that variations in the pharmacological action of the plant material, connected with the misidentification of the two species, would be expected. This is due to the differences in the identity, as well as in the levels of production of the main volatiles of the mentioned taxa. The complete absence of ascaridole, probably the main anthelmintic component of A. grandifolia, from T. macrophyllum oil, may mean that this species would be of little value in the treatment of these disorders. However, based on the volatile profiles of the two investigated taxa and the literature data concerning the activities of the major constituents of all of the analyzed oils, it seems that the misidentification of T. macrophyllum as A. grandifolia would not represent a health risk. Furthermore, the complete lack of the toxic α-thujone from T. macrophyllum oil could be taken as a certain benefit. Nevertheless, it must be kept in mind that the pharmacological action of γ-eudesmol, which is among the major constituents of T. macrophyllum oil, is not yet known. All of the above considerations, coupled with the fact that the non-volatile fractions of both species may also impart significant pharmacological activity, provide further confirmation that a detailed phytochemical investigation of these species, as well as activity studies of their corresponding extracts, oils and pure constituents, are of great importance. The air-dried aerial parts of both A. grandifolia and T. macrophyllum, as well as those of their mixtures obtained from the local market (samples A and B), were cut into small pieces and subjected to hydrodistillation for 2.5 h using an original Clevenger-type apparatus. The oils obtained were separated, dried over anhydrous magnesium sulfate and immediately analyzed. The yields of the oils (%, w/w) were as follows: A. grandifolia (0.38%), T. macrophyllum (0.17%), sample A (0.29%) and sample B (0.21%).
Experimental

GC and GC/MS analyses:
The GC/MS analyses were carried out in triplicate for each sample using a HewlettPackard 6890N gas chromatograph equipped with a fused silica capillary column HP-5MS (5% phenylmethylsiloxane, 30 m × 0.25 mm, film thickness 0.25 μm, Agilent Technologies, USA) coupled with a 5975B mass selective detector from the same company. The injector and interface were operated at 250 o C and 300 o C, respectively. The oven temperature was raised from 70 o to 290 o C at a heating rate of 5 o C/min and then held isothermally for 10 min. Helium at 1.0 mL/min was used as a carrier gas. The oil solution (1 μL) in diethyl ether (1 : 100) or the extract, prepared as mentioned earlier, was injected in a pulsed split mode (flow = 1.5 mL/min for the first 0.5 min and then set to 1.0 mL/ min throughout the remainder of the analysis; split ratio 40 : 1). MS (electron impact) conditions were as follows: an ionization voltage of 70 eV, an acquisition mass range of 35-500, and a scan time of 0.32 s. Constituents of the oils were identified by comparing their linear retention indices (relative to C 8 -C 29 alkanes [11] on the HP-5MS column) with literature values [12] and by comparing their MS with those of authentic standards, as well as those from the Wiley 6, NIST02, MassFinder 2.3 and a homemade MS library with the spectra corresponding to pure substances and components of known oils. The library search and MS deconvolution and extraction were performed using NIST AMDIS (Automated Mass Spectral Deconvolution and System) software version 2.4, supplied by National Institute of Standards and Technology (NIST, USA). Wherever possible, the identity of the constituents was verified by co-injection with an authentic sample. GC (FID) analysis was carried out under the same experimental conditions using the same column as described for GC/MS. The percentage composition of the oil was computed from the GC peak areas without any corrections.
